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CONTROL CIRCUIT FOR BALANCING
CURRENT AND METHOD THEREOFK

RELATED APPLICATIONS

The present application 1s based on, and claims priority
from, Taiwan Application Serial Number 94113276, filed

Apr. 26, 2005, the disclosure of which 1s hereby incorporated
by reference herein 1n 1ts entirety.

FIELD OF THE INVENTION

The present mvention relates to a control circuit for bal-

ancing current, and more particularly, to a control circuit for
balancing current of the light emitting diode (LED) of the
light source 1n a thin display device.

BACKGROUND OF THE INVENTION

Reference 1s made to FIG. 1, a light source 1s formed by a
plurality of LED rows 010' in parallel connection with each
other 1n a conventional thin display device, in which the
respective LED rows 010" include at least one LED 001" and
an adjusting device 002'. In order to make the thin display
device to have uniform brightness on the screen, the conven-
tional adjusting method usually adjusts the currents of the
respective LED rows 010' to be the same. The adjusting
device 002' adjusts an impedance value to make the respective
LED rows 010' to be the same, for achieving the state of
current balance.

However, 1n such adjusting method, the adjusting device
002' 1n series connection with the respective LED row 010
consumes more power, and the total efliciency of the light
source 100" 1s relatively atfected, too. Moreover, the imped-
ance value adjusted by the adjusting device 002’ 1s the default
set 1n the production, and the default 1s different to be adjusted
alter assembling. The change of the impedance value depends
on the mfluence of external factors, such as temperature and
humidity thereby affecting the current balance of the respec-
tive LED rows 010'.

In addition, 1n order to match a rapid change of an image for
the thin display device, the light source blinks and turns off
transiently 1n a frequency of persistence of vision of human
eyes, for preventing image-sticking phenomenon on the
screen. The respective LED rows 010' in the conventional
light source 100" are directly connected with the power supply
200'. An output capacitance usually exists in the power supply
200'. After the power 1s cut off, the power 1s continuously
provided until the output capacitance finishes discharging. It
results that the light source 100" fades away to decrease lumi-
nance gradually when the light source 100' 1s turned off.
Consequently, light source 100' causes 1mage-sticking phe-
nomenon on the screen.

Moreover, the respective LED rows comprise a plurality of
LEDs 001" in series connection. ITf any LED 001" of the LED
row 010'1s broken to form an open circuit, such LED row 010’

cannot work.

SUMMARY OF THE INVENTION

It 1s an aspect of the present invention to provide a control
circuit for balancing current, which controls the current bal-
ance of the respective LED row of the light source 1n a thin
display device anytime and continuously.

It 1s another aspect of the present invention to provide a
control circuit for balancing current, which enables the LED
to blink and turn off transiently for preventing image-sticking,
phenomenon on the screen.
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It 1s a further aspect of the present invention to provide a
control circuit for balancing current, even though one of the
LEDs 1s broken which enables the other LEDs operating
normally and continuously, and simultaneously controls the
current balance of the respective LED row.

According to the aforementioned aspect of the present
invention, a control circuit for balancing current i1s provided,
which1s employed in a thin display device. The control circuit
for balancing current comprises a light source, a power sup-
ply and a control part. The light source includes a plurality of
parallel LED rows, wherein each of the LED rows includes at
least one LED and a first switch unit. The first switch unit 1s
in series connection with the LED, for determining whether a
current passes through each of the LED rows according to
on/off two states. The power supply provides the LEDs with
a working power. The control part detects the current of the
LED rows, controls an on-state timing ratio of the first switch
units, and controls an output power of the power supply.

In a preferred embodiment of the present invention, the
cach of LED rows further includes a current-limiting device
in series connection with the LED and the first switch unit, for
limiting the current of each of the LED rows.

In a preferred embodiment of the present invention, the
control circuit for balancing current further comprises a short
circuit connected 1n parallel with the LED for connecting two
ends of an open circuit caused by a broken LED. The short
circuit comprises a trigger part and a second switch unit. The
trigger part detects the open circuit caused by the broken
LED, and then triggers the second switch unit to be at an
on-state for connecting the two ends of the open circuit. The
short circuit further comprises a safety device in series con-
nection with the trigger part. The safety device includes a
wave-filtering part and a current- limiting part. The wave-
filtering part 1s employed to filter a noise signal passed
through the trigger part for preventing a mistaken operatl onof
the trigger part. The current-limiting part connects in parallel
with the wave-filtering part, and the current-limiting part 1s
employed to limit the current passed through the trigger part.

In a preferred embodiment of the present invention, the
control part generates a reference timing pulse for control the
on-state timing ratios of the first switch units according to the
reference timing pulse.

According to the aforementioned aspect of the present
invention, a controlling method for balancing current 1s fur-
ther provided, which 1s employed to balance currents of a
plurality of parallel LED rows in a thin display device. At first,
a current of anyone of the LED rows 1s increased to a prede-
termined working current. Next, a minimum current of the
currents of the LED rows 1s selected. And then, the minimum
current 1s 1ncreased to the predetermined working current.
Afterwards, an on-state timing ratio of a current of each of the
LED rows 1s counted, and the currents of the LED rows
change according to the on-state timing ratio.

In a preferred embodiment of the present invention, the
controlling method for balancing current further comprises
cutting oif a power supply when the current of anyone of the
LED rows 1s detected to be zero.

In a preferred embodiment of the present invention, the
controlling method for balancing current further comprises
connecting an open circuit caused by a broken LED of the
LED rows.

In a preferred embodiment of the present invention, the
controlling method for balancing current further comprises
making the LED rows to be opened when the current of
anyone of the LED rows 1s detected to be increased abnor-
mally. Afterwards, detection of the current of the LED rows 1s
skipped or a power supply 1s cut off.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
tollowing detailed description, when taken 1in conjunction
with the accompanying drawings, wherein:

FI1G. 1 depicts a diagram of the control circuit for balancing,
current 1n the prior art;

FI1G. 2 depicts a diagram of the control circuit for balancing,
current of the present invention;

FI1G. 3 depicts an operation tlow chart of the present inven-
tion;

FIG. 4 depicts a timing diagram;

FIG. 5 depicts a circuit diagram of the control circuit for
balancing current according to an implemented embodiment;
and

FI1G. 6 depicts a circuit diagram of the short circuit accord-
ing to a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinafter, the spirit of the present mvention 1s more
explicitly and completely clarified with reference to the fol-
lowing figures. After the preferred embodiments of the
present invention 1s understood by a person skilled in the art,
various modifications and similar arrangements can be made
according to the skill taught by the present invention and be
included within the spirit and scope of the present invention.

Reference 1s made to FI1G. 2, the control circuit for balanc-
ing current of the present invention 1s employed to adjust the
current balance of the respective LED row of a light source 1n
a thin display device. The control circuit for balancing current
comprises a light source 100, a power supply 200 and a
control part 300.

The light source 100 1ncludes a plurality of parallel LED

rows 010, wherein each of the LED rows 010 comprises at
least one LED 001 and a first switch unit 002. The LED 001

1s 1n series connection with the switch unit 002. The LED 001
1s employed to 1rradiate and 1lluminate, and the switch unit
002 1s employed to determine whether a current passes
through each of the LED rows 010 according to on/off two
states, that 1s to say, to determine whether the LED 001 1s
turned on/ofl. The switch unit 002 1s a device of, for example,
a semiconductor transistor, a metal-oxide semiconductor
field-effect transistor (MOSFET) and the like.

The power supply 200 1s 1n series connection with the light
source 100 for providing the respective LED 001 with a
working power.

The control part 300 receives currents I, to I , ofthe respec-
tive LED row 010, detects whether the currents I, to I are the
same, controls an on-state timing ratio of the switch units 002
on the basis of the currents I, to 1, and controls an output
power ol the power supply 200.

The LED rows 010 further includes at least one current-
limiting device 003, which 1s 1n series connection with the
LED 001 and the switch unit 002 for limiting the current of
cach of the LED rows 010. The current-limiting device 003 1s,
for example, a resistor.

Please refer to FIGS. 2, 3, and, 4. The control circuit for
balancing current of the present invention corresponds to the
current value of the respective LED row 010. The control part
300 1s employed to control an on-state timing ratio of the
switch unit 002 of the respective LED row 010, thereby
converting the current passed through the respective LED row
010 1nto pulses having appropriate on-state timing ratio. The
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current of the respective LED row 010 1s adjusted to perform
a light modulation of pulse width modulation (PWM).

At first, a working current value X of each LED rows 010
and a blinking frequency TL of each LED 001 are predeter-
mined. The blinking frequency TL 1s higher than a frequency
of persistence of vision of human eyes.

The control part 300 controls the switch unit 002 to quickly
convert the current passed through each LED rows 010 into a
power source as the frequency TL.

Based on the current 1, of one LED row 010, the power
supply 200 controlled by the control part 300 outputs a power
source to make I, to achieve the predetermined working cur-
rent value X.

The currents I, to I are compared with each other, and the
minimum I_ . of which 1s found out.

Based on the minimum I . . the power supply 200 con-
trolled by the control part 300 outputs another power source
for promoting the minimum I . to the predetermined work-
ing current value X.

When the orniginal mmmimum I, 1s increased to the prede-
termined working current value X, currents of other LED
rows are increased to be more than the working current value
X because of the raised power source.

At this time, the on-state timing ratio of the switch unit 002
of the respective LED row 010, 1.e. the ratio of X to the
respective current I, to I 1s counted. The switch unit 002 in
series connection with the respective LED row 010 1s con-
trolled by the control part 300, and the switch unit 002 con-
verts the current of the respective LED row 010 1nto the pulses
having appropriate on-state timing ratio.

The control part 300 receives the currents I, to I, anytime
and continuously, detects whether the currents I, to I are the
same, controls an on-state timing ratio of the respective
switch units 002 on the basis of the currents I, to I, and
controls an output power of the power supply 200 for main-
taining the balance of the currents I, to 1.

In addition, as any broken LED 001 causes an open circuit,
no current passes through such LED row 010 and the current
value 1s zero. As the control part 300 detects that the current
of any LED row 010 1s zero, the control part 300 sends a signal
to cut oil power supplying of the power supply 200. It pre-
vents severer damage caused by the abnormal current values
of other LED rows 010 that results from the control part 300
setting the current value of the open-circuited LED row 010 as
the minimum 1. to raise power supplying of the power
supply 200 unlimitedly.

Besides, when the current of the LED row 010 1s abnor-
mally higher than the predetermined working current value
X, at this time, the control part 300 controls the switch unit
002 to cut off for forming an open circuit, so that 1t prevents
the abnormally high current from destroying the control part
300. While the switch unit 002 1s cutting oif for forming an
open circuit, the current value of the LED row 010 1s zero. In
order to prevent severer damage caused by the abnormal
current values of other LED rows 010 that results from the
control part 300 setting the current value of the open-circuited
LEDrow 010 astheminimum 1 _ . toraisepower supplying of
the power supply 200 unlimitedly, in the meantime that the
switch unit 002 cuts off for forming the open circuit, the
control part 300 sends a signal to skip the detection of the
current of the LED row 010 and to continue the normal
operation of other LED rows 010. Alternatively, the control
part 300 sends a signal to cut off power supplying of the power
supply 200.

Reference 1s made to FI1G. 4, 11 the predetermined working,
current value X 1s 350 mA and the blinking frequency of the
LED 1s TL, the control part 300 generates a reference timing
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pulse Tb. If the current I, 1s 350 mA, the current I, 1s 360 mA,
and the current I, 1s 380 mA, relative to the reference timing
pulse Th, the control part 200 controls the switch unit 002 of
the LED row 010 of the current I, according to the frequency
TL, so the current I, 1s kept as a pulse of 350 mA and the

frequency TL.

The ratio of the predetermined working current value X to
the current 1,, 1.e. 360 divided by 380, 1s approximately 97.2
percent. Therefore, when the current I, of the frequency TL 1s
in the Hi condition, relative to the reference timing pulse Th,
the control part 200 turther controls the switch unit 002 of the
LED row 010 of the current I, to convert according to 97.2
percent of the on-state timing ratio, so the current I, at the
frequency TL 1n the Hi condition 1s converted into a pulse of
977.2 percent of the on-state timing ratio.

In the same way, the ratio of the predetermined working
current value X to the current I , 1.e. 350 divided by 380, 1s
approximately 92.1 percent. Therefore, when the current I, of
the frequency TL 1s 1in the Hi condition, relative to the refer-
ence timing pulse Tb, the control part 200 further controls the
switch unit 002 of the LED row 010 of the current I to convert
according to 92.1 percent of the on-state timing ratio, so the
current I at the frequency TL 1n the Hi condition 1s converted
into a pulse of 92.1 percent of the on-state timing ratio.

Accordingly, the currents I, and I, are controlled to be the
same as the predetermined working current value X.

As the current of the respective LED row 1s 1n the condition
that the pulse 1s zero, 1t means that the control part 200
controls the switch unit 002 to be 1n a cut-oif and opened-
circuit state. The power supply 200 cannot supply power to
the respective LED row 010, at this time, the respective LED
1s turned off.

The operation of balancing currents proceeds anytime and
continuously. Hence, when some external factors, such as
temperature, humidity and the like, cause the circuit resis-
tance to change, the currents of the circuit are also adjusted
anytime and continuously.

Because the respective LED 001 and the respective cur-
rent-limiting device 003 utilize the same settings, the differ-
ence between the above two 1s much less. Moreover, the
blinking frequency TL for controlling the respective LED 001
1s Turther higher than the frequency of persistence of vision of
human eye, and the converted pulses of appropriate on-state
timing ratio according to the reference timing pulse Th 1s
equal to or more than the frequency TL. Thus, human eyes do
not feel the light source unevenness or blinks resulted from
the different on-state times of the LED rows 010. Instead, the
LED rows 010 are controlled at the same current respectively
to have the same brightness.

Also, the on/off two states of the switch unit 002 determine
whether the current passes through the LED row 010, and no
output capacitor exists. After cutting off the switch unit 002,
the LED row 010 immediately exhibits an opened state, so
that the LED 001 1s transiently turming off while the switch
unit 002 1s cutting oif.

Various applications and practices can be carried out
within the scope of the technical thought of the present inven-
tion. Reference 1s made to FIG. 5, which 1s a circuit for
balancing currents including a plurality of short circuits 700.
The short circuits 700 are connected in parallel with the
respective LEDs 001 for connecting two ends of an open
circuit caused by a broken LED, so that other unbroken LEDs
001 of the same LED row 010 can continue to operate. When
the short circuit 700 operates, the change of the current
depends on the change of the impedance value of the LED
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row 010. At this time, the above method for balancing current
1s repeated to adjusted the current to the predetermined work-
ing current value X.

FIG. 6 depicts an embodiment of the short circuit 700,
which includes a trigger part 710 and a second switch unit
720. When the LED 001 operates normally, the end voltage of
the LED 001 keeps at a normally working voltage. When the
LED 001 1s broken to form an open circuit, the end voltage of
the LED 001 1s increased to be an output voltage of the power
supply 200. At this time, the trigger part operates due to the
raised voltage, and triggers the switch unit 720 to be at on
state for replacing the broken and open-circuited LED 001, so
that the power supply 200 provides unbroken LEDs 001 of the
LED row 010 with current.

The aforementioned trigger part 710 1s, for example, a
zener diode or the like. The switch unit 720 1s, for example, a
transistor, or a SCR (Silicon Controlled Rectifier), TRIAC
(Bidirectional Triode Thyristor) or the like thyristor 1n the
clectronic devices of the circuit industry. The short circuit 700
turther includes a satfety device 730 1n series connection with
the trigger part 710. The safety device includes a wave-filter-
ing part 731 and a current-limiting part 732. The current-
limiting part 731 connects 1n parallel with the wave-filtering
part 732. The current-limiting part 731 1s employed to limit
the current passed through the trigger part 710. The wave-
filtering part 732 1s employed to filter a noise signal passed
through the trigger part 710 for preventing a mistaken opera-
tion of the trigger part 710. The current-limiting part 731 1s,
for example, a resistor. The wave-filtering part 732 1s for
example, a capacitor.

When all LEDs 001 of the same LED row 010 are broken,
the respective short circuits 700 are at on state, so that the
current of the LED row 010 1s abnormally higher than the
predetermined working current value X. At the moment, the
control part 300 cuts off the switch unit 002 of the LED row
010 to form an open circuit, for preventing the control part
300 from being destroyed by the abnormally high current.
While the switch unit 002 1s cutting ofl for forming an open
circuit, the current value of the LED row 010 1s zero. In order
to prevent severer damage caused by the abnormal current
values of other LED rows 010 that results {from the control
part 300 setting the current value of the open-circuited LED
row 010 as the mmimum I_ . to raise power supplying of the
power supply 200 unlimitedly, in the meantime that the
switch unit 002 cuts off for forming the open circuit, the
control part 300 sends a signal to skip the detection of the
current of the LED row 010 and to continue the normal
operation of other LED rows 010. Alternatively, the control
part 300 sends a signal to cut off power supplying of the power
supply 200.

Even though the short circuit is 1llustrated with an embodi-
ment of FIG. 6 1 the specification, the short circuit 1s not
limited by the circuit depicted in F1G. 6. However, any circuat,
which can connect in parallel with the respective LED, con-
nect two ends of an open circuit caused by a broken LED and
make the current to pass through, should be included within
the scope of the present invention.

The timing diagram of FIG. 4 shows that the reference
timing pulse Tb 1s eight-fold of the blinking frequency TL of
the LED. However, the reference timing pulse Tb 1s not lim-
ited by being eight-fold of the blinking frequency TL of the
LED. Any reference timing pulse Tb capable of being
included within the scope of the present invention, which
makes the current pulses of the respective LED rows that are
more than the predetermined working current value X to be in
Hi condition and to be appropriate on-state timing ratios of
pulses based on the reference timing pulse Th, so that the
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currents of the respective LED rows are balanced. The refer-
ence timing pulse Tb includes a frequency equal to or more
than the blinking frequency TL of the LED.

According to the atorementioned preferred embodiments,
advantages of the present invention 1s as follows:

1. The control part controls the current balance of the
respective LED row of the light source 1n a thin display
device anytime and continuously. That 1s to say, even
though external factors cause changes 1n the currents of
the respective LED rows, the control part can automati-
cally adjust and keep the balance of the currents.

2. The switch part enables the LED to blink and turn off
transiently for preventing image-sticking phenomenon
on the screen.

3. The short circuits are connected in parallel with the
respective LEDs. Even though any LED 1s broken, other

LEDs can operate normally and continuously. More-
over, the control part controls the respective LED rows
continuously to keep the balance of the currents.

As 1s understood by a person skilled 1n the art, the forego-
ing preferred embodiments of the present invention are 1llus-
trated of the present invention rather than limiting of the
present ivention. It 1s intended that various modifications
and similar arrangements should be included within the spirit
and scope of the appended claims, the scope of which should
be accorded the broadest interpretation so as to encompass all
such modifications and similar structure.

What 1s claimed 1s:

1. A control circuit for balancing current, employed 1n a

thin display, comprising:

a light source, which includes a plurality of parallel light-
emitting diode (LED) rows, wherein each of the LED
rows includes:
at least one LED; and
a first switch unit that 1s in series connection with the

LED for determining whether a current passes

through each of the LED rows;

a power supply that 1s in series connection with the light
source for providing the LEDs with a working power;

a control part that detects the current of the LED rows,
controls an on-state timing ratio of the first switch unut,
and controls an output power of the power supply; and

a short circuit connected 1n parallel with the LED for con-
necting two ends of an open circuit caused by a broken

LED, wherein the short circuit comprises:

a trigger part; and

a second switch unit, wherein the trigger part detects the
open circuit caused by the broken LED, and then the
trigger part triggers the second switch unit to be at on-
state for connecting the two ends of the open circuit.
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2. The control circuit for balancing current according to
claim 1, wherein each of the LED rows further includes a
current-limiting device being in series connection with the
LED and the first switch unit for limiting the current of each
of the LED rows.

3. The control circuit for balancing current according to
claim 1, wherein the short circuit further comprises a safety
device being 1n series connection with the trigger part, the
satety device includes:

a wave-filtering part employed to filter a noise signal
passed through the trigger part for preventing a mistaken
operation of the trigger part; and

a current-limiting part connecting in parallel with the
wave-liltering part, wherein the current-limiting part 1s
employed to limit the current passed through the trigger
part.

4. The control circuit for balancing current according to
claim 1, wherein the control part generates a reference timing
pulse for controlling an on-state timing ratios of the first
switch unmit according to the reference timing pulse.

5. A controlling method for balancing current, employed to
balance currents of a plurality of parallel LED rows 1n a thin
display device, comprising:

increasing one of currents of the LED rows to a predeter-
mined working current;

selecting a minmimum current of the currents of the LED
TOWS;

increasing the minimum current to the predetermined
working current; and

counting an on-state timing ratio of a current of each LED
rows, and changing the currents of the LED rows accord-
ing to the on-state timing ratio.

6. The controlling method for balancing current according
to claim 5, further comprising cutting off a power supply
when the current of anyone of the LED rows 1s detected to be
Zero.

7. The controlling method for balancing current according,
to claim 5, further comprising connecting an open circuit
caused by a broken LED of the LED rows.

8. The controlling method for balancing current according,
to claim 5, further comprising:

making the LED rows to be opened when the current of
anyone of the LED rows 1s detected to be increased
abnormally; and

skipping detection of the current of the LED rows.

9. The controlling method for balancing current according
to claim 5, further comprising cutting off a power supply
when one of the currents of the LED rows 1s detected to be
increased abnormally.
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